High-resolution, high-signal-to-noise optical and near-infrared spectra, along with lower resolution infrared spectra, of the high-latitude, faint B-type star CPD-61 °455 have been obtained using the 3.9-m Anglo-Australian Telescope. Using LTE model atmosphere codes to compute optical absorption profiles in the hot star, we find atmospheric parameters of Teff = 25 000 K and logg~3.6; furthermore, the abundance pattern of metals as measured differentially with respect to the Galactic disc B-type star eCMa is not that expected for a normal young object. We show that the previous interpretation of this object as a composite consisting of a B-type star with a possible early K-type giant secondary is consistent with the near-infrared and infrared data. We hypothesize that CPD-61°455 is in fact an evolved, post-asymptotic giant branch (post-AGB) star in a binary system, and is possibly a hotter analogue of the binary systems containing younger, cooler post-AGB stars discussed by van Winckel, Waelkens & Waters.
INTRODUCTION
Since the pioneering work of Greenstein & Sargent (1974) , there has been much debate in the literature on the nature of the faint, high-Galactic-latitude B-type stars (see Keenan 1992 for a concise review). While many of these objects, which even at high spectral resolution appear identical to young main-sequence B-type stars within the Galactic disc, can be explained either as runaway stars (ejected from their region of birth via dynamical interactions or supernova explosions: e.g. Conlon et al. 1990) or as old, evolved, lowmass post-asymptotic giant branch (post-AGB) stars , there remains a small subset ) that defies any conventional explanation and one is forced to invoke the controversial hypothesis that such stars have formed in the halo itself, perhaps via shock-induced star formation (Dyson & Harquist 1983) in condensing clouds of Galactic fountain material (Bregman 1980; Savage & de Boer 1984) .
The faint, high-latitude early-type star CPD-61°455 was first identified as possible young, high-mass object in a UVexcess survey by Viton et al. (1991) , and was also observed in the Edinburgh-Cape faint blue object survey (Kilkenny, O'Donoghue & Stobie 1991; Little et al., in preparation) . On the basis of a low-resolution optical spectrum and the ultraviolet-to-infrared flux distribution of the object, Viton et al. hypothesized that it was a double-lined spectroscopic binary consisting of a (near) main-sequence B-type primary along with a K-type giant secondary (Kilkenny et al. also found a large infrared excess). As noted by Tobin (1983) , such an object could be crucial in resolving the current debate concerning the nature of the faint blue stars. In particular, lower limits to the masses of the components can be obtained for a spectroscopically resolved binary system, which should distinguish between a high-mass young star and a low-mass post-AGB star.
We have obtained new observations consisting of highresolution, high signal-to-noise spectra at optical and near-infrared wavelengths, along with lower resolution infrared spectra, in order to elucidate the nature of CPD-61°455. This paper describes these data, and we present a new explanation for this interesting object.
OBSERVATIONS AND REDUCTIONS
High-resolution optical and near infrared spectroscopy of CPD-61°455 were obtained during a one-week observing run on the 3.9-m Anglo-Australian Telescope (AA T) in July 1994. The University College of London Echelle Spectrograph (UCLES: Walker & Diego 1985) was employed along with the 79 groove mm -I grating, 70-cm camera and TEK 1024 x 1024 CCD as a detector. Three grating angles were employed to give almost complete spectral coverage in the region 3850 to 5050 A and also coverage at the positions of the NaD, H, and Ca II line at 8542 A. Stellar exposures with (duration of 20 min to minimize the effects of radiation events) were bracketed with thorium-argon arc exposures for wavelength calibration. All stellar observations were carried out at the parallactic angle. Owing to poor seeing during the observing run, slit widths of up to 2 arcsec were necessary to maintain throughput. Flat-field exposures at each grating setting were made using a quartz continuum lamp, and bias frames were taken at the beginning and end of each night. Additional comparison near-infrared spectra of HR 5595 (B1 IV) and HR 4257 (K2 III) were obtained using the same telescope and instrumentation on the nights of 1995 June 9-12.
Lower resolution observations of the Hy profile region of CPD-61°455 were made on the night of 1994 August 23 using the RGO spectrograph, the 1200B grating and the same TEK CCD in order to provide a wide continuum region around this Balmer line for normalization (the coverage obtained in a single echelle order is not sufficient for this). Copper-argon arcs, quartz flats and bias frames were all obtained on the same night.
Reduction of the raw CCD images to one-dimensional spectra was carried out using the IMAGE REDUCTION AND ANALYSIS FACILITY (IRAF) export code version 2.10 implemented at Queen's University. Standard procedures were followed in processing the CCD frames (bias subtraction including overscan correction, and flat fielding) and in extracting the spectra (sky subtraction, optimal extraction and wavelength calibration). After extraction, the I-d spectra were input into the Starlink package DIPSO (Howarth & Murray 1991) for further analysis.
Absolute abundances (see Section 3.2) may contain systematic errors due to uncertainties in the atmospheric parameters and atomic data, or simplification in the model atmospheric analysis (e.g. the assumption of L TE). To minimize such errors, CPD-61°455 was analysed with respect to the Galactic disc star ~ ICMa (== HR 2387), which has a normal Population I chemical composition (Gies & Lambert 1992) . The comparison star was observed in 1992 November using the 0.9-m Coude Feed Telescope at Kitt Peak National Observatory. Grating 'A', camera 6 and the TI3 CCD were used to obtain spectral coverage in the range 3900 to 5000 A. Observations of the Hy and Hp profile regions of ~ICMa (again for the determination of surface gravities) were made on the night of 1994 November 21 using the 2.7-m telescope of the University of Texas McDonald Observatory and the Coude spectrograph. The data were again reduced using IRAP employing similar procedures to the reductions of the program star.
Infrared spectroscbpy was carried out on the night of 1995 March 13 using the IRIS camera/spectrometer and CS/ 36 top-end (Allen 1993 ) on the AAT. The 'HK' echelle grating was employed to give a resolving power )J LlA ~ 400 and coverage in the region 1.44 to 2.54 /lm. In addition to CPD-61°455, spectra of HR 2007 (G4 v) and HR 2290 (G3 v) were taken to provide flux calibration and atmospheric extinction corrections; observations were also undertaken of HR 1861 (Bl v: Gies & Lambert 1992) and HD 52938 (K3.5 nb: Morgan & Keenan 1973) to provide 'standard' spectral comparison stars for the target. The infrared spectra were reduced using standard procedures (e.g. Allen 1992 ) within the Figaro data reduction package (Fuller 1989) .
RESULTS
The methods used to derive stellar atmospheric parameters are similar to those discussed in previous papers concerning high-l attitude B-type stars (e.g. Keenan et al. 1986; Brown et al. 1989; Hambly et al. 1993) . All theoretical results are based on the grid of line blanketed model atmospheres of Kurucz (1991) together with radiative transfer codes to derive the atmospheric parameters and chemical compositions. A normal Population I heavy element composition was assumed in the atmospheric models, although this may not be appropriate for CPD-61°455 (see Section 3.2). However, Dufion, Fitzsimmons & Howarth (1990) showed that the use of such models should not lead to significant errors from comparison with those generated using lower metal abundances (Howarth & Lynas-Gray 1989) .
Atmospheric parameters
Atmospheric parameters fc.: the program and comparison stars were estimated using the same standard procedures. An effective temperature estimate was made by balancing the silicon abundance deduced from Si m/Iv line strengths assuming a gravity log g = 4.0, a micro turbulent velocity ~=5 km S-I and the non-LTE corrections of Lennon et al. (1986) . A new gravity was then found by comparing computed profiles of the Balmer lines with the lower resolution observations. Iterating this procedure led to a convergence of silicon abundance values which are detailed in Table 1 . Fig. 1 shows the Balmer profiles (observations and theory) for CPD-61°455 and ~ ICMa. A microturbulence (for LTE) was found by adjusting the ~ value so as to produce a flat curve of 0 II/N II abundance versus line strength (cf. Keenan & Lennon 1984; Gies & Lambert 1992) in the final LTE analysis. Because of the large slit widths used during observation (Section 2) the resolution of our spectra for CPD-61 °455 were instrumentally limited, and only an upper limit to the projected rotational velocity of 20 kIn S-l could be determined. The adopted atmospheric parameters for the two stars are listed in Table 2 . Those found for ~ lCMa are consistent with the values quoted in Gies & Lambert (1992) ; however we note that their effective temperature (derived from Stromgren photometry) is higher by ~ 1700 K than ours. Killian et al. (1991) have commented that silicon ionization balance temperatures are generally systematically different to those obtained from photometry. We prefer the use of an ionization balance temperature, because for ~ lCMa this was found to be consistent with the carbon, nitrogen and sulphur balances, and also to ensure consistency with our analysis of CPD-61°455.
Atmospberic cbemical compositions
Sections of the spectra of CPD-61 °455 and eCMa are shown in Fig. 2 to illustrate the quality of the observational data. Equivalent widths for non-diffuse helium and metal lines were measured by normalizing regions of continuum around identified lines with low-order polynomials and then employing the non-linear least-squares Gaussian fitting routines within DIPSO with line centre, width and strength being adjustable parameters. The results are shown in Table 3 for all lines in the spectrum of CPD-61 °455 and corresponding measurements in the comparison star (if spectral coverage is permitted). We note that our measurements are in good agreement with those ofGies & Lambert (1992) for ~lCMa. Also listed in Table 3 are the LTE abundances derived assuming the atmospheric parameters listed in Table 2 . Atomic data were as discussed in Jeffrey (1991) , some additional iron oscillator strengths being taken from Pintado & © 1996 RAS, MNRAS 278, 811-820 Adelman (1993). However, we note that choice of atomic data is not critical in the differential abundance analysis. Mean absolute abundances, line-by-line differential abundances and normal Population I abundance values (taken from Keenan et al. 1986 and references therein) are collected in Table 4 . Where they exist, values for different ions of the same element are shown to indicate that the respective abundances are indeed balanced at our choice of effective temperature. The importance of a differential abundance analysis is illustrated by the figures in Table 4 . The standard errors on the differential values are systematically lower than those on the absolute abundances, and in the case of the Fe III lines there is clearly a problem with the atomic data used -the standard errors on the absolute iron abundances are far in excess of random errors expected from our measurements and the assumption of LTE. Although based on only two lines, the error on the differential iron abundances is much lower. We will therefore give most weight to the differential values in the discussion that follows.
Systematic errors from the choice of atmospheric parameters are illustrated in Table 5 , where we show the change in absolute abundance for both stars when the Teff, log g and microturbulence ~ are changed by their quoted errors.
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DISCUSSION

The chemical composition of CPD-6r4SS
The absolute abundance values for (ICMa agree well with those found by Gies & Lambert (1992) , except those for iron (for reasons discussed previously). Comparing with the 'normal' Population I values, this star appears to have a general mild metal depletion of ~ 0.2 dex, which is marginally significant at the level of the errors. A different picture is apparent for CPD-61°455, however. Examination of Table 4 shows the star to have near-normal He, marginally enhanced C, Nand 0 abundances together with a deficiency of heavy metals of ~0.4-0.6 dex. Such an abundance pattern is also seen in candidate hot post-AGB stars ). An unusual trend is the disparate differential sulphur abundance. Being based on 5 S III lines in common between the two stars and with a standard error of 0.15 dex, this measurement seems secure. Moreover, examination of Table 5 shows that the absolute sulphur abundance values are stable to changes in the atmospheric parameters. This anomaly must therefore be explained in terms of some evolutionary phenomenon. We would expect, for example, the silicon and sulphur depletions or enhancements should be similar, these elements being subject to similar nuclear processes. However, Bond (1991) has analysed the abundance peculiarities seen in cooler A-to Ftype post-AGB stars. Following Bond's argument, the near-solar CNOS and depleted MgSiFe abundances can be understood if it is the latter that are depleted via grain formation, rather than S being overabundant in a generally metal deficient star (CNO abundances mayor may not exhibit enhancements/depletions due to the dredge-up of CNO cycled material). Waters, Trams & Waelkens (1992) point out that it is difficult to envisage grain formation (and also subsequent expulsion via radiation pressure) happening in stellar atmospheres. They propose a mechanism for the formation of a 'cleaned up' photosphere in post-AGB stars where grain formation occurs in the circumstellar disc produced in the AGB phase of the star, and subsequent slow accretion of the gas from this material results in the peculiar abundance pattern. Although it seems more likely for this to happen during mass transfer between the components of a binary system, or accretion triggered by a binary companion (Waters et al. 1992) , there is also the possibility of accretion of cleaned up material after AGB mass loss has stopped in a single-star system (Mathis & Lamers 1992) . While it is unclear whether the post-AGB stellar atmosphere would preserve these compositional anomalies as it evolves to hotter effective temperatures, it is none the less interesting to speculate that CPD-61 °455 may be a hotter analogue of the cool post-AGB stars that exhibit similar abundance peculiarities (van Winckel, Waelkens & Waters 1995) . McCausland et al. (1992) have analysed in detail the abundance patterns exhibited by candidate evolved post-AGB stars. While CPD-61 °455 is similar to PHL 1580 in their sample, all the objects examined in that paper showed extreme carbon deficiencies of > 1.5 dex, contrary to the normal value found for CPD-61 °455. dance measurements, however, were based on the strength (or absence of) the C II doublet at 4267 A alone. This feature gave disparate results in LTE analyses with respect to the abundance values inferred from other C II lines: e.g. in CPD-61 °455 the implied carbon abundance from the doublet is different by -0.8 dex in comparison with the mean in Table 4 . Clearly, a differential analysis of more than one feature is needed for useful comparison. We note that our derived atmospheric parameters (Tefl = 25 000 K and log g = 3.6) are coincident with the post-AGB model computations of SchOnberner (1983) . . The abundance anomaly of sulphur notwithstanding, the abnormal chemical composition of CPD-61 °455 is evidence for its evolved status. In any case, it would appear that CPD-61 °455 is not a young, high-mass, hydrogen burning star unless one invokes the rather unlikely scenario of it having formed out of material with a (correspondingly) anomalous chemical composition. Further evidence for the evolved status of CPD-61 °455 comes from the low projected rotational velocity ( < 20 km s -1: Section 3.1). Out of a subset of 153 early B-type V-IV stars having projected rotational velocities listed in the fifth edition of the Yale Bright Star Catalogue, only 4 per cent have v sini <20 km s-\ i.e. if CPD-61°455 is a young star, it would in all likelihood be rotating rapidly and the chances of a line-of-sight close to pole-on (to observe such a low v sini) are small. We note also that our observations of H. show it to vary on time-scales of the order of 1 h in emission. Fig. 3 shows a time-series observation of the H. region, where a clear variation is seen in the emission part of the combined emission/absorption profile. Temporal variations in H. emission along with infrared excesses are classic examples of Be star phenomena (e.g. Zaal, Waters & Malborough 1995) , and although a few sharp-lined Be stars are observed amongst the Galactic disc B-type star population (e.g. 7: Scorpii: Waters et al. 1993) , we reiterate that statistically speaking it is unlikely that CPD-61 °455 is a near-to-pole-on example of such stars. In any case, the observed H. profile shape is not at all compatible with a pole-on Be star, where one would expect to see a single peak. Rather the emission and variation in H. could be associated with a post-AGB evolutionary scenario.
On the possible binarity of CPD-61°455
As discussed in Section 1, a high-latitude binary system containing a young B-type star could be of great importance in understanding the origin of the faint blue stars. If, on the other hand, the hot star is evolved and presents an unusual abundance pattern, then the question ofbinarity may be just as important but for different reasons (van Winckel et al. 1995) . We consider the optical, near-infrared and infrared data separately.
Optical spectra
Viton et al. (1991) while the apparent 'G' band is due to a plethora of CNO lines. We note here that cross-correlations in velocity space of theoretical LTE spectra with the optical data yielded an LSR radial velocity of V]sr= 19± 1 km S-1 for the hot star.
Near-infrared spectra
Given that the infrared excess implied a K2 II companion, and that such a star should show a prominent Ca II triplet at 8498, 8542 and 8662 A, a search for these features is important. Tobin (1993) showed that the Ca II triplet is very ) so it is difficult to use this feature to estimate the relative contribution of the hot and cool components to the total flux. Using the spectrum of HR 4257 shifted to rest wavelength as a template, and cross-correlating with that of CPD-61 °455 yields a radial velocity corrected to LSR of 50 ± 10 km S-1 for the cool stellar features -significantly different from that of the hot star.
Infrared spectra
If an early K-type bright giant is present (Tobin 1993) , then the contrast between it and the hot star will be greatest in the 'K' band, and its spectral features should be visible at these wavelengths. In the 1.5-to 2. .90
Cal 'K' band infrared data, once again for CPD-61 °455 and two comparison bright stars HR 1861 (B1 IV) and HD 52938 (K3.5 lIb). The line of Bry is clearly visible in the B-type star, while CO absorption is clear in the K-type star. Fig. 6 shows the spectra in the 'K' band normalized at a linear leastsquares continuum level to make a better comparison between the spectra. CPD-61 °455 clearly contains both hot and cool stellar features (Bry and CO molecular absorption respectively) and must therefore be a composite consisting of a hot and cool star. We note that the weak CO features in the spectrum of HR 1861 are due to the lack of a local standard star for telluric absorption removal -the other two targets had suitable standards within ~O.l airmasses which is required for clean subtraction. The relative strength of the Ca I line at 2.26 11m and the CO bandhead at 2.28 11m indicate that the luminosity of the cool star is somewhat less than that of a luminosity class II bright giant like HD 52938 (the luminosities of the hot and cool components must be comparable for both the Bry and CO features to be visible).
The possible presence of thermal emission from a circumsystem disc could complicate the interpretation of flux contributions; however the infrared flux distributions shown in Fig. 5 do not show the rise towards the longest wavelengths expected for such radiation. We note that a search for radial velocity variations between individual exposures of the same optical wavelength region over the period of the observations (1 week) failed to reveal any variations greater © 1996 RAS, MNRAS 278, 811-820
The high-latitude B-type star CPD-6r455 819 than random errors in the arc wavelength calibrations (~1 kms-I).
CONCLUSIONS
High-resolution spectroscopy of the candidate double-lined spectroscopic binary faint blue star CPD-61 °455 has been analysed in conjunction with LTE model atmosphere codes to provide a photospheric abundance analysis. The chemical composition of the B-type star is indicative of post-mainsequence nucleosynthesis, and shows evidence of the peculiar abundance patterns seen in cooler post-AGB stars occuring in binary systems. Further evidence against CPD-61°455 being a young, high-mass star comes from its low projected rotational velocity. Near-infrared, and particularly 'K' band infrared spectroscopy show conclusive evidence of a cool companion to the hot star. No radial velocity changes in the hot star were detected over a period of one week; monitoring over periods of order one year will be needed to characterize the binary orbit. We therefore conclude that CPD-61°455 is an old, evolved post-AGB star, the infrared excess being due to an early K-type giant.
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